Extracts and fractions prepared from five medicinal herbs used to treat cancer in Chinese folk medicine were tested for their antiproliferative activities on five cancer cell lines using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The MTT results revealed that the ethanolic extracts possessed stronger antiproliferative activities than the corresponding aqueous ones. The bioactive fractions of the ethanolic extracts were mostly found in n-hexane and/or ethyl acetate fractions, which by TLC analysis were shown to contain terpenes and/or phenolic compounds. The ethyl acetate fraction from the ethanolic extract of Elephantopus scaber showed the highest effect with IC 50 values of less than 25 µg/mL on three susceptible cell lines, namely, PC-3 (human prostate carcinoma cell), CNE (human nasopharyngeal carcinoma epithelial cell) and HL-60 (human acute promyelocytic leukemia cell). Further isolation and analysis of this fraction led to the identification of three sesquiterpene lactones, two flavonoids and five triterpenes. MTT results showed that the sesquiterpene lactones were the most effective group with IC 50 values ranging from 0.9 to 7.5 µM while the flavonoids possessed moderate to strong effect with IC 50 values ranging from 17.3 to 42.6 µM. However, the triterpenes displayed weak effect with IC 50 values larger than 50 µM. Among the active compounds, deoxyelephantopin, a sesquiterpene lactone, exhibited the strongest effect on the PC-3, CNE and HL-60 cells, with IC 50 values of 4.6, 2.6 and 0.9 µM, respectively. Flow cytometric analysis showed that treatment with deoxyelephantopin caused subG-1 population augmentation in PC-3, CNE and HL-60 cells, suggesting apoptosis was induced in these cells.
Plants have been an important source in cancer drug discovery. In fact, most of the new clinical applications of plant secondary metabolites and their derivatives over the last century have focused on combating cancer [1] . In particular, Chinese medicinal herbs are good sources of such secondary metabolites [2] . Some monographs on anticancer herbs summarized more than four hundred Chinese medicinal herbs having anticancer property [3] [4] [5] , which may serve as leads for the discovery of novel anticancer agents.
In the course of our search for such novel agents, five medicinal herbs Nervilia fordii (Hance) Schltr., Kaempferia galanga L., Lobelia chinensis Lour., Blumea laciniata (Roxb.) DC. and Elephantopus scaber L., were chosen, based on their folk use to treat cancer in China (Table 1) [3, 4, 6] . In the present study, a rational screening scheme for antiproliferative effects of extracts and fractions prepared from the five aforementioned herbs on five human cancer cell lines in vitro was carried out. Isolation of the active components from E. scaber, the most active herb, and evaluation of their antiproliferative properties were also undertaken.
Since most of the medicinal herbs are traditionally administered as an aqueous decoction, aqueous extracts of the herbs were prepared. In addition, ethanolic extracts were also prepared. As shown in Table 2 , none of the aqueous extracts showed an antiproliferative effect on the cancer cells at the concentration of 250 μg/mL, but the ethanolic extracts showed activities to different extents. Among them, the ethanolic extract of E. scaber showed stronger activity on PC-3 (human prostate carcinoma cell), CNE (human nasopharyngeal carcinoma epithelial cell) and HL-60 (human acute promyelocytic leukemia cell) cells with IC 50 values of 52.0, 60.8 and 25.9 μg/mL, respectively. These results suggested that the active constituents in the herbs were more soluble in ethanol. On the other hand, the ethanolic extracts had weak effects on the proliferation of the human normal skin fibroblast Hs68 cells with IC 50 values of larger than 500 μg/mL, suggesting that the ethanolic extracts induced different responses on cancer and normal cells.
Subsequently, solvents of different polarities (n-hexane, ethyl acetate, n-butanol) were employed to fractionate the active ethanolic extracts that had IC 50 values less than 125 μg/mL, and the obtained fractions were further tested for their antiproliferative activities on the susceptible cancer cell lines. As shown in Table 2 , the bioactive fractions of the ethanolic extracts of the herbs were mostly found in the n-hexane and/or the ethyl acetate fractions with IC 50 values of less than 100 μg/mL. Among the active fractions, the ethyl acetate fraction of E. scaber was the most potent with IC 50 values of 21.8, 19.5 and 10.9 µg/mL on PC-3, CNE and HL-60 cells, respectively. Also, the active fractions showed weak antiproliferative effects on normal Hs68 cells.
In order to characterize the active constituents in the five herbs, TLC analysis of both the n-hexane and ethyl acetate fractions was carried out. All active fractions when examined by TLC showed red and/or blue spots when treated with the vanillin-sulfuric acid reagent, suggesting the presence of terpenes. Further confirmation was evidenced by the presence of blue spots in most of the fractions when phosphomolybdic acid reagent was employed. Most fractions were positive to the FeCl 3 -ethanol reagent, indicating the presence of phenolic compounds, except for both the n-hexane and the ethyl acetate fractions of L. chinensis and the n-hexane fraction of B. laciniata. Negative results were obtained for all the fractions when both Dragendorff's reagent and ninhydrin were applied, which suggested the absence of nitrogencontaining compounds. In short, results from the TLC analysis suggested that terpenes and/or phenolic compounds were likely to be the principal chemical classes in the herbs.
As the ethyl acetate fraction of E. scaber displayed strong anticancer potential, further isolation to identify the active compounds was employed. Ten compounds were positively identified by spectroscopic methods and comparison with published data [7] [8] [9] [10] , including three sesquiterpene lactones, deoxyelephantopin (1), isodeoxyelephantopin (2) and scabertopin (3); two flavonoids, tricin (4) and luteolin (5) ; and five triterpenes, lupeol acetate (6), lupeol (7), betulinic acid (8), epifriedelanol (9) and ursolic acid (10) (Figure 1 ). Their antiproliferative effects on the susceptible PC-3, CNE and HL-60 cells were evaluated by MTT assay.
All three sesquiterpene lactones exerted strong effects on the tested cancer cells when compared with flavonoids and triterpenes in the MTT assay ( containing an additional -CH 3 group at the C-18 position, gave IC 50 values from 2.2 to 7.5 µM. Deoxyelephantopin (1) was reported to show antiproliferative effects on stomach, lung, liver, colon, and cervical cancer cells [11, 12] , while both isodeoxyelephantopin (2) and scabertopin (3) exerted anticancer effects on liver, colon, and cervical cancer cells [11] . Our investigation appears to be the only scientific report demonstrating the significant anticancer activities of deoxyelephantopin (1), isodeoxyelephantopin (2) and scabertopin (3) in other cancer cell types, including PC-3, CNE and HL-60 cells.
The two flavonoids also showed moderate to strong antiproliferative effects, with IC 50 values ranging from 17.3 to 42.6 µM. However, the five triterpenes showed weak effects on the tested cancer cells with IC 50 values larger than 50 µM. These results were in agreement with the TLC analysis and further confirmed that the active principals were sesquiterpene lactones and flavonoids.
Apoptosis, a highly conserved evolutionary program, is the intrinsic death motion of cells involved in regulating many physiological and pathological processes [13] . Acquired resistance toward apoptosis is a hallmark of most and perhaps all types of cancer [14] . Therefore, anticancer agents that cause tumor cell death via induction of apoptosis are the preferred drugs for taming cancer [15] . A potent inhibitory effect of deoxyelephantopin (1) on the tested cancer cells was demonstrated in the present study. Therefore, its ability to cause apoptosis was examined by flow cytometry. Figure 2 shows dosedependent sub-G1 population augmentation in cell cycle distribution of the treated PC-3, CNE and HL-60 cells, suggesting apoptosis was induced in these cells. For example, the sub-G1 populations in PC-3 cells, after treatment with 0, 5.8, and 11.6 µM of deoxyelephantopin (1) were 2.1 ± 0.6, 17.8 ± 1.2 and 41.9 ± 2.9%, respectively. After treatment with 5.8 and 11.6 µM of deoxyelephantopin (1), the sub-G1 populations in CNE cells increased to 10.4 ± 3.3 and 27.3 ± 5.2%, respectively, while the control was 3.6 ± 0.1%. Finally, the sub-G1 population in untreated HL-60 cells was 2.0 ± 0.2%. However, after treatment with 0.6 and 1.2 µM of deoxyelephantopin (1), the sub-G1 populations were noticeably enhanced to 10.8 ± 0.7 and 55.5 ± 1.1%, respectively.
Recently, deoxyelephatopin (1) was reported to suppress NF-κB activation [16] and induce PPARγ activation [12] . However, the underlying anticancer mechanism of deoxyelephatopin (1) remains elusive. Isodeoxyelephatopin (2) , the isomer of deoxyelephantopin (1) , was shown to downregulate the expression of NF-κB-regulated proteins involved in cell proliferation (COX-2, cyclin D1 and c-Myc), invasion (MMP-9 and ICAM-1), and antiapoptosis (such as Bcl-2 and Bcl-xL) [16] . In this study, deoxyelephatopin (1) was demonstrated to induce apoptosis in PC-3, CNE and HL-60 cells, and it was previously shown to suppress NF-κB activation [16] . As a result, we propose that deoxyelephatopin (1) may exert its anticancer effect by inhibiting the expression of NF-κB-regulated antiapoptosis proteins.
In conclusion, the present study positively demonstrated the antiproliferative activities of the five selected medicinal herbs. Terpenes and phenolic compounds, particularly the former, were found to exist in most of the active fractions (n-hexane and ethyl acetate fractions). These results suggest that the active constituents of the herbs are generally waterinsoluble compounds. Among the selected herbs, E. scaber has the highest activity. From this species, ten compounds were isolated from three different chemical groups, of which the sesquiterpene lactones were the most active anticancer group. Apoptosis was induced by deoxyelephantopin (1), the most potent sesquiterpene lactone isolated from E. scaber. These results reiterate the notion that Chinese medicinal herbs traditionally applied to cancer treatment may be a good source of anticancer drug discovery, and sesquiterpene lactones may be a group of noteworthy lead compounds displaying a broad spectrum of anticancer effects. 
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